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Bias Voltage Circuit with Ultra Low Output Impedance 



Cross Reference to Related Applications 
The present Application claims the benefit of priority from a co-pending U.S. 
Provisional Patent Application entitled, "Bias Voltage Circuit with Ultra Low Output 
Impedance" having Application No. 60/464,427 and filed on April 22, 2003, the disclosure 
of which is incorporated by reference herein in its entirety for all purposes. 

Field 

The present invention relates generally to bias circuits, and more particularly, to a 
bias circuit with ultra low output impedance that is suitable for use with low noise amplifiers 
(LNA) to enhance linearity. 

Backgroud 

The presence of low-frequency distortion products significantly affects the linearity 
of an amplifier at radio frequencies (RF). The input-referred third-order intercept point (IIP3) 
can be improved by insuring that the output impedance of a dc bias circuit is low at a 
difference frequency {fi -f\) between two test frequency tones (/i and^) used to measure the 
linearity. This low-frequency impedance technique has been used to optimize the distortion 
performance of power amplifiers and common-emitter LNAs. 

Figure 1 shows a simplified schematic diagram of a typical cascode LNA consisting 
of a common-emitter input stage {Q\) and a cascode output stage {Qi), Transistor Q\ is 
biased through the combination of a resistor {Rhm\) and a shunt low-frequency trap network 
consisting of the inductor 1/ in series with the capacitor C/. The resistor /fbiasi is made large 
enough to isolate the bias circuit (which generates f^biasi) from the RF signal at the base of 
Qu while the low-frequency trap shorts out the difference frequency, and thus enhances the 
IIP3. Inductor Lt and capacitor C, are typically realized with external components because of 
their large values. 
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Cascode transistor Q2 operates as a common-base amplifier with capacitor C2 
providing an ac-ground at RF fi'equencies. A bias circuit (Cascode Bias Ckt) generates the 
required dc bias voltage (Fbias2). The low-fi-equency impedance seen at the base ofQi also 
strongly impacts the linearity of the LNA. Ideally, the base of Q2 would see an impedance to 
5 ground having a value at or near zero for all fi-equencies. 

Figures 2a and 2b show two typical bias circuits for generating Fbias2. In Figure 2a, 
the bias voltage is generated by using an emitter follower to buffer and dc level-shift the 
reference voltage (Kref). In Figure 2b, the bias voltage is generated by forcing a current 
through two diode-connected transistors (D\ and D2) and a resistor (Rhmi)' At low 
10 frequencies, the output resistances of these two circuits is approximately; 

and 

i?,2,«2r; + i?,,^2 (2) 

where Rs is the equivalent resistance of the source driving the emitter follower, yft is the 
1 5 current gain of Q3, n is the ideality factor, and Vt is the thermal voltage. The first terms in 
these equations represents the incremental resistance of the active devices and is defined as; 

which strongly depends on the bias current. In practice, this resistance dominates the overall 
output resistance. This imfortunately means a large dc bias current h is required to produce a 
20 low output resistance. Accordingly, a need remains for a low-current circuit that approaches 
an ideal voltage source at both low and RF frequencies. 

Summary 

In one or more embodiments, a bias circuit is provided whose output impedance is 
25 made ultra low over a wide firequency range at low current. In one embodiment, the bias 
circuit is used to dc bias a cascode transistor of a cascode LNA, such as the LNA shown in 
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Figure 1 . By reducing the low-frequency impedance seen at the base of the cascode 
transistor, the linearity of the LNA is dramatically increased. 

In one or more embodiments, the bias circuit comprises an emitter follower transistor 
having a collector connected to a load. A shunt feedback network is coupled from the 
5 collector of the emitter follower transistor to the base of a common-emitter transistor. The 
feedback network senses the voltage at the collector of the emitter follower transistor and 
returns a portion of the sensed voltage to the base of the common-emitter transistor. The 
collector of the common-emitter transistor is coupled to the emitter-follower's emitter 
terminal, which is also the output of the bias circuit. The voltage at the base of the common- 

1 0 emitter transistor produces a collector current and thus completes the feedback loop. 

As compared to the circuits of Figures 2a and 2b, the feedback of the bias circuit 
operates to reduce its output impedance by a factor of the loop gain while providing the same 
dc bias current. Since, in one embodiment, the bias circuit only stacks two transistors, it can 
operate with low supply voltages. In addition, the small number of circuit elements makes 

15 embodiments of the bias circuit simple, compact, and capable of operating over a wide 
frequency range. 

In one embodiment, a bias circuit is provided that outputs a bias signal for biasing an 
amplifier. The bias circuit comprises an input stage that receives an input signal and 
produces the bias signal at an output terminal that is coupled to a gain stage. The bias circuit 
20 also comprises a load coupled to the input stage at a first terminal, and a feedback circuit 
coupled between the first terminal and the gain stage. 



Brief Description of the Drawings 
The foregoing and other objects, features, and advantages of the described 
25 embodiments will become more apparent with reference to the following detailed description 
and accompanying drawings wherein: 

Figure 1 shows a typical cascode LNA; 
Figures 2a-b show typical bias circuits; 

Figure 3 shows one embodiment of a bias circuit with feedback that has an ultra low 
30 output impedance; and 
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Figure 4 shows a graph that illustrates the difference in performance of a cascode 
LNA when biased by the conventional bias circuit shown Figure 2a and a novel bias circuit 
constructed in accordance with the described embodiments. 



5 Detailed Description 

In one or more embodiments, a bias circuit is provided whose output impedance is 
made ultra low over a wide frequency range at low current. The bias circuit is suitable for 
use with LNAs where its reduced low-frequency impedance can dramatically increase the 
linearity of the LNA. 

10 Figure 3 shows one embodiment of a bias circuit with ultra low output impedance. 

The bias circuit comprises an input emitter-follower stage formed by transistor Qs, a load 
element (Zl), a feedback network (Zf), and a common-emitter gain stage that comprises 
transistor Q^. During operation, the load Zi generates a voltage at the collector of transistor 
Qs, which can be expressed as: 



(4) 



where 1$ is the emitter current of transistor Qs^ gms is the transconductance of transistor Qs, 
Vo is output voltage, and is the input impedance of transistor Q4. The feedback network 
senses Vc$ and forms a voltage divider with the input impedance of transistor Q4. The 
resulting voltage at the base of Q4 can be written as: 

7 7 77 

^b4 VCC ^cS) y . 7 7 . y ^m%^o '7.7.9' ^'^^ 

^in4 ^F ^m4 + ^F ^in4 '^^f'^^L 

It follows then that the collector current of Q4 equals: 

^m4 ^F ^m4 "^^F^^L 

where gni4 is the transconductance of Q4. Note that the first term sets the dc operating point 
of the circuit, while the second term describes its dynamic operating point. The dynamic 
25 output current (/o) is described by: 
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/ =/ _/ =^ '^inA^L .1 

''4 ^5 Sm^ 6m4 y j. 7 i 7 



(7) 



And the output impedance is then: 

_ 1 

5mS 



z z 
z +z +z 



which is significantly reduced compared to the conventional bias circuits. In fact, in one or 
5 more embodiments, the output impedance is reduced by a factor equal to: 

Z Zj 
^'"^Z +z +z 

when operating at the same bias current as a conventional circuit. 

In practice, the load impedance Zl is realized by a current source or a resistor. A 
current source - using PMOS or PNP transistors - realizes an active load with a high 
10 impedance (Zl), which in turn increases the feedback factor and thereby lowers the output 
impedance (Zo) of the circuit. In addition, the dc level-shifting network (formed by diodes, a 
Fbe-multiplier or other known technique) includes a shimt capacitor Cf to lower and the 
impedance Zp. 

Figure 4 shows a graph that illustrates the performance advantage of a cascode LNA 
15 biased by one embodiment of the described bias circuit as compared to a conventional 

circuit. The graph shows the output impedances of the conventional bias circuit compared to 
the ultra-low output impedance of one embodiment of the bias circuit at the same dc current 
of 500uA. It's clear that the novel bias circuit dramatically lowers the impedance at both low 
and RF frequencies. This translates to improved linearity, approximately 3dB for the cascode 
20 LNA, without lowering gain or degrading the noise figure. 

These results demonstrate the linearity improvement provided by one embodiment of 
a low-impedance bias circuit when used with an LNA. Accordingly, while one or more 
embodiments of the bias circuit have been illustrated and described herein, it will be 
appreciated that various changes can be made to the embodiments without departing from 
25 their spirit or essential characteristics. Therefore, the disclosures and descriptions herein are 
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intended to be illustrative, but not limiting, of the scope of the invention, which is set forth in 
the following claims. 
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